Electric Power System Protection And Control System 



FIELD OF THE INVENTION 

5 The invention relates to a power system protection and 

control terminal for protection and control of a power system 
by operating switches such as circuit breakers in response to 
state variables input from the power system, a power system 

□ monitoring and control system, and a storage medium in which a 

PU 10 program is stored. 
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In particular, the storage medium relates to a power 
system protection and control terminal equipped with a function 
for performing correlation processing of a protective relay and, 
a switch operation, a power system monitoring control system and 
15 a storage medium for storing a program. 

DESCRIPTION OF THE RELATED ART 

A power system monitoring and control system has a 
plurality of protection and control terminals arranged, for 

20 example, corresponding to each substation constituting the power 
system and that perform protection and control of the power system 
in accordance with state variables such as currents or voltages 
obtained from the power system, and a power system monitoring 
and control host that performs monitoring and/or control of this 

25 power system by receiving information of various types relating 
to the power system sent from these plurality of protection and 




control terminals through a transmission system (power system 
information: for example, open/closed state of circuit breakers, 
bus voltages, power flow of transmission lines and their 
frequency etc. ) and displays the power system information which 
5 it receives. 

Fig. 11 shows an example of a circuit block layout of a 
prior art power system monitoring and control system 10. 

A power system monitoring and control system 10 comprises 
a plurality of protection and control terminals 12-1 - 12-n that 

10 perform protection and control of a power system 11, and a power 
system monitoring and control host 14 that monitors and controls 
the power system 11 using power system information of various 
types (for example, the open/closed state of circuit breakers 
etc.) that it receives which is transmitted through a 

15 transmission system 13 from these plurality of protection and 
control terminals 12-1 - 12-n. It should be noted that although 
Fig. 11 shows only the circuit block layout of a single protection 
and control terminal 12-1, the block layout of the other 
protection and control terminals 12-2 . . . 12-n are omitted from 

20 the drawing, as their circuit block layouts are identical with 
that of protection and control terminal 12-1. 

As shown in Fig. 11, protection and control terminal 12-1 
consists of a protective relay circuit 21, a CB control circuit 
22, a re-closure circuit 23, a CB state-receiving circuit 24, 

25 and a system state transmission circuit 25. 

The protective relay circuit 21 has one or more (for 
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example three) relay elements (these could be simply relays or 
relay unit software, for example, a main protective ground relay, 
a main protective short-circuit relay and a backup short-circuit 
relay) , that detects system fault of the power system 11 by 
5 operation of the relay elements in response to state variables 
input from the power system 11. 

The CB control circuit 22 outputs tripping/closure 
instructions to a switch such as a circuit breaker {hereinafter 
called circuit breaker (CB) 11a} located on a transmission line 
10 or bus etc. for tripping a system circuit constituting the power 
system 11 in response to operation of these protective relay 
circuits 21 (the relay element 21al - 21a3, which is not described 
in figure . ) . 

The re-closure circuit 23 performs re-closure processing 
15 of the CB 11a by means of the CB control circuit 22 as required 
in response to operation of the protective relay circuit 21. 

The CB state-receiving circuit 24 gets the open/closed 
state of the CB 11a. 

The system state transmission circuit 25 sends it to the 
20 power system monitoring and control host 14 through the 
transmission system 13 power system information including the 
operating state of the relay elements 21al ~ 21a3 of the 
protective relay circuit 21, the operating state of the re- 
closure circuit 23 and the open/closed state of the CB 11a that 
25 is obtained by the CB state receiving circuit 24. 

In Fig. 11, the protection and control terminal 12-1 is 
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shown as effecting tripping/closure operation of the single CB 
11a using a plurality of relay elements 21al - 21a3. 

But/ in fact, tripping/closure operation is performed for 
a respective plurality (for example two) of the CB 11a, lib, using 
a plurality of relay elements 21al - 21a3. 

For example, respective tripping/closure operation is 
performed of the relay element 21al — * CB 11a, relay elements 
21a2, 21a3 -* CB lib. 

The power system monitoring and control host 14 has a state 
change detection unit 41, a state change data file storage unit 
42, a CB relay correlation unit 43, an associated state change 
message file storage unit 44 and a CB operation display unit 45. 

The state change detection unit 41 receives power system 
information sent from the plurality of the protection and control 
terminals 12-1 - 12-n through the transmission system 13, and 
detects when there is a change in the state of the power system 
11 from this received power system information (hereinafter 
abbreviated to "state change"). 

The state change detection unit 41 sends to a CB relay 
correlation unit, to be described, later state change data which 
it compiles from the detected state changes, appending thereto 
the time-point of detection; and the state change data file 
storage unit 42 that stores in file form the state change data 
compiled by the state change detection unit 41. 

The CB relay correlation unit 43 compiles a message (also 
called associated state change message or state change message) 




associating the CB operation state changes (also called CB state 
changes) and relay operation state changes (also called relay 
state changes) by effecting correlation of the CB operating state 
changes and relay operating state changes, using for this purpose 
5 the state change data that was transmitted. 

The associated state change message file storage unit 
44 stores in the form of a file the associated state change message 
compiled by the CB relay correlation unit 43 

The CB operation display unit 45 provided with a display 
10 device such as a display (hereinafter termed a display) and 
reads the associated state change message (file) stored in the 
associated state change message file storage unit and displays 
this on the display screen. 

Fig. 12 shows an example of the transmission format of 
15 the power system information that is received by a power system 
monitoring and control host 14 through the transmission system 
13. 

As shown in Fig. 12, the power system information that 
is sent at fixed intervals from the protection and control 
20 terminals 12-1 - 12-n is transmitted to the power system 
monitoring and control host 14 as state data S comprising bit 
information sequences BD1, BD2 , ... located at each substation 
(substation A, substation B and substation C, . . . ) constituting 
the power system 11, in accordance with the transmission format, 
25 by transmission system 13. 

The bit information sequences BD1, BD2, ... of the 
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substations constituting state data S include; 

1) a one-bit information representing the operating state 
of the protective relay circuit 21 of which the subject of 
protective relay action is an equipment or device within the 

5 corresponding substation/the operating state of the re-closure 
circuit 23 of which the subject of re-closure action is an 
equipment or a device within the corresponding substation, and 

2) a one-bit information representing the open/closed 
state of the CB provided in this equipment/device. 

10 For example, as shown in Fig. 12, if the single-bit 

information of the relay element, the subject of whose protective 
action is the XX transmission line 1L is "0", this means that 
this relay element is in a reset state; if the single-bit 
information of the CB that is located on XX transmission line 

15 1L is "0", this means that the CB is in an open state. 

Also, if the single-bit information is equal to "1" of 
the relay element of which the subject of protective action is 
the XX transmission line 1L, this means that this relay element 
is operated. If the single-bit information of the CB located 

20 on the XX transmission line 1L is "1", this means that the CB 
is in a closed state. 

For the transmission system 13, a cyclic digital telemeter 
(CDT) device or the like is employed that performs transmission 
in accordance with a cyclic transmission format, or a tele- 

25 control (TC) device. 

The power system information that is sent from the 
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transmitted to the transmission system 13 through the system 
state transmission circuit 25 and converted to state data S having 
the transmission format shown in Fig. 12, before being sent to 
the state change detection unit 41 of the power system monitoring 
5 and control host 14. 

It should be noted that the CB open/closed state and 
protective relay/re-closure circuit operating state that are 
transmitted to the transmission system 13 through the system 
state transmission circuit of the other protection and control 

U 

10 terminals 12-1 - 12-n are likewise sent, as state data S, to a 

flj 

state change detection unit 41 of the power system monitoring 

TU 

fji and control host 14. 



Under these circumstances, when a system fault occurs in 
the power system 11, causing the state variable that is input 
15 from the power system 11 to change, a prescribed relay element 
21al of the protective relay circuit 21 is operated in response 
to this change. 

The relay operation signal is transmitted to the CB 
control circuit 22 and the re-closure circuit 23. 
20 Also, the operated state of the relay element 21al is sent 

to the system state transmission circuit 25. 

The CB control circuit 22 then outputs a tripping 
instruction to the CB 11a corresponding to the relay element 21al 
that has been operated in response to the relay operation signal 
25 that was transmitted, and, as a result, the CB 11a opens 
(closed-open) . 
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Meanwhile, the CB state receiving circuit 24 gets the 
open/closed state of the CBs 11a and lib* 

So the operation state of the CBs 11a, lib including the 
operation state (open state) produced in response to the 
5 prescribed tripping of the CB 11a, is transmitted through the 
CB state receiving circuit 24 to the system state transmission 
circuit 25 and the re-closure circuit 23, 

In response to the CB open/closed state (the CB lib closed, 
the CB 11a open) and relay operation state (prescribed relay 
10 element 21al operated, other relay elements 21a2 - 21a3 reset) 
that was transmitted, the system state transmission circuit 25 
transmits to the state detection unit 41 of the power system 
monitoring and control host 14, through the transmission system 
13, state data wherein the states of the CB 11a and the relay 
15 element 21al are changed from "closed and reset" to "open and 
operated" . 

When the state change detection unit 41 detects besed on 
the transmitted state data that the CB 11a has been tripped and 
the relay element 21al of the protective relay circuit 21 has 

20 been operated, it compiles state change data including the 
time-point when the detection was made, the name of the substation, 
the name of the equipment/device that was the subject of 
protection and control (in the case of a relay element) , the name 
of the equipment/device where the CB is located (in the case of 

25 a CB) , the name of the relay element (in the case of a relay 
element) or CB and its operation state. 

9 




For example/ as shown in Fig. 13, state change data Dl 
including the detection time-point (January 19th 22 hours 01- 
minutes 15 seconds) , the substation name (substation C) , the name 
of the equipment/device which is the subject of protection and 
5 control (XX transmission line 1L) , relay element name {main 
protection ground fault (relay) } and operation state (operated) 
as constituent elements and state change data D2 containing the 
detection date (January 19th 22 hours 01 minutes 15 seconds), 
the name of the substation (substation C) , the name of the 

10 equipment/device where the CB is located (XX transmission line 
1L) , the CB and operation state (tripped) as constituent elements 
are respectively compiled. 

Referring to Fig. 13, the state change data Dxl ~ Dx5 of 
the other substation relay elements/CBs are also shown. 

15 M in Fig. 14 shows an association of both Dl and D2 in Fig. 13 . 

Ml in Fig. 14 shows an association of Dx2 in Fig. 13. M2 in Fig. 14 
shows an association of both Dx3 and Dx4 in Fig. 13. M3 in Fig. 14 
shows an association of both Dxl and Dx5 in Fig. 13. The state 
data Dl, D2 compiled by the state change detection unit 41 is 

20 transmitted to the CB relay correlation unit 43 and is stored, 
in file form, in state change data file storage unit 42. 

Using the transmitted state data Dl, D2, the CB relay 
correlation unit 43 correlates the CB operation state change with 
the relay operation state change that caused this. 

25 The relay element (main protective ground fault) 21al, 

the subject of which a protection and control is the XX 
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transmission line 1L, is operated, causing the CB 11a located 
on the XX transmission line 1L to be tripped, so a state message 
S containing a single message this relay element (main protective 
ground fault) 21al and CB 11a {detection time (January 19th 22 
5 hours 01 minutes 15 seconds) , substation name (substation C) , 
equipment /device name (the XX transmission line 1L) , the CB, the 
operation details of the CB (fault tripping) , the relay element 
name (main protective ground fault) and relay element operation 
state } is compiled (see Fig. 14). 
O 10 In Fig. 14, the other state change messages MO M3 are 



?! I 
J 1 * 



fi'Tf 



also shown. 

Referring back to Fig. 11, the state change message S 
compiled with the CB relay correlation unit 43 is stored in an 
associated state change message file storage unit 44 in the form 

15 of a file. 

The CB operation display unit 45 then reads the state 
change message (file) S stored in the associated the state change 
message file storage unit 44 and either displays this by means 
of a display as a state change message viewing screen (for example 

20 of display format as shown in Fig. 14), or, alternatively, 
performs a flicker display of a symbol corresponding to the 
state-changed CB of the associated state change message S on a 
system diagram displayed beforehand on a display screen, and a 
superimposed display of a symbol representing the relay 

25 operation at a position adjacent to this symbol which is displayed 
in a flickering manner, etc. 
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As a result, it is possible to display in association on 
a display screen the CB whose operation state has changed and 
the relay operation that caused the state-change operation of 
the CB whose state has changed. 
5 Therefore, the operating staff of the power system 

monitoring and control host 14 can easily and accurately grasp 
the situation regarding a system fault by viewing the display 
screen. 

Also, when only the CB operation state change is displayed 

a 

10 without displaying the relay operation on the display screen, 

~>J 5 
s 

v!l! the operating staff can immediately recognize when the operating 

61 staff of the protection and control terminals 12-1 * 12-n or power 

system on-site workers have manually operated the CB. 

In particular, since the power system monitoring and 
15 control host 14 monitors and controls from a few tens to a few 
hundreds of electrical stations (substations etc. ) , in the event 
of system fault, several tens of state changes may be 
simultaneously detected. 

However, by display processing of the associated state 
20 change data as described above, state changes can be displayed 
together on the same screen as a "state change message viewing 
screen" independently of system faults. 

So power system monitoring and control can be performed 
efficiently . 

25 In contrast, the re-closure circuit 23 of the protection 

and control terminal 2 receives the relay operation signal that 
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was sent from the protective relay circuit 21 and the operation 
state of the CBs 11a, lib (CB 11a open) that was sent from the 
CB state receiving circuit 24. 

After a predetermined time has elapsed after receiving 
5 the "CB 11a open state", the re-closure circuit 23 sends a 
re-closure execution signal to the CB control circuit 22, causing 
the state "re-closure being executed" to be sent to the system 
state transmission circuit 25. 

In response to the transmitted re-closure execution 
10 signal, the CB control circuit 22 outputs a circuit-closure 
instruction to the CB 11a and as a result CB 11a closes (open 
— > closed) • 

Since the CB state receiving circuit 24 obtains the 
open/closed state of the CBs 11a, lib, it then sends the operation 

15 state of the CBs 11a, lib, including the operation state (closed 
state) resulting from the re-closure of prescribed CB 11a, to 
the system state transmission circuit 25 and the re-closure 
circuit 23, through the CB state receiving circuit 24. 

Based on the CB open/closed state (CBs 11a, lib closed 

20 state) and the operation state of the re-closure circuit 23 
(re-closure operated) that have been transmitted, the system 
state transmission circuit 25 sends the state data in which the 
states of the CB 11a and the re-closure circuit 23 have been 
altered from "open and reset" to "closed and executing" through 

25 the transmission system 13 to the state change detection unit 
41 of the power system monitoring and control host 14. 
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Using the transmitted state data, the state change 
detection unit 41 detects the fact that the CB 11a has been closed 
and that the re-closure circuit 23 is executing re-closure and 
compiles state change data including the time-point of detection, 
5 the name of the substation, or the equipment/device name where 
the CB is located, the re-closure execution or CB name and its 
operation state. 

The state change data compiled by the state change 
detection unit 41 is sent to the CB relay correlation unit 43 
10 and stored in the state change data file storage unit 42. 

The CB relay correlation unit 43 correlates the CB closure 
state change with the state of "re-closure being executed" that 
caused this, using the state change data that was transmitted 
to it and, in accordance with the result of this correlation, 
15 compiles a single state change message similar to state change 
data message M mentioned above. 

The state change message compiled by the CB relay 
correlation unit 43 is stored in the associated state change 
message file storage unit 44. 
20 The CB operation display unit 45 then reads the state 

change message stored in the associated the state change message 
file storage unit 44 and provides a state change message viewing 
screen and/or state change CB/re-closure circuit symbol flicker 
display etc. 

25 On the other hand, when the re-closure circuit 23 receives 

the state "CB closed" transmitted to it through CB state receiving 
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circuit 24, after the lapse of a fixed time after this reception, 
the re-closure circuit 23 resets the "re-closure being executed" 
signal . 

As a result, the power system 11 and the protection and 
5 control terminal 12-1 assume the normal state "all of the CBs 
11a, lib — » closed, all of the relay elements 21al - 21a3 of the 
protective relay circuit 21 — * reset, and re-closure circuit 23 
— * reset" • 

However, in operation processing of the power system 
fij 10 monitoring control system 10 as described above, depending on 

Mil 

jfy the mode of allocation in the transfer format, when the power 

ri;| system information is converted into state data (referred to as 



"positioning") and/or the mode of the transmission system 13, 
there may be a considerable discrepancy, of the order of a few 
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ffl 15 seconds or a few minutes, in the time-points of detection of relay 
h rj operation state change and CB operation state change by the state 

change detection unit 41 of the power system monitoring and 
control host 14. 

Also, although, in the protection and control terminal 
20 12-1, first of all, the protective relay circuit (relay element) 
21 is operated. 

Then, in response to operation of protective relay circuit 
21, the CBs 11a, lib are tripped by means of the CB control circuit 
22. 

25 This order : "relay operation" — ► "CB tripping" is not 

guaranteed in the state change detection unit 41 of the power 
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system monitoring and control host 14, for reasons such as 
positioning on the transmission format/ as described above, and 
the so-called inversion phenomenon could occur, in which the CB 
tripping is detected first and then, subsequently, the relay 
5 operation is detected. 

In this way, in the case of the conventional power system 
monitoring control system 10, when discrepancies occur between 
the time-point of detection of the relay operation state change 
and the time-point of detection of the CB operation state change, 

10 or the order "relay operation" — * "CB tripping" is inverted, and 
it is difficult to correlate the CB operation state change with 
the relay operation state change that caused it. 

Accordingly, utilizing the fact that the maximum value 
Tl of the discrepancy between the time-point of relay operation 

15 state change detection and the time-point of CB operation state 
change detection can be found beforehand using the transmission 
rate/connection mode of the transmission system (transmission 
devices) from each protection and control terminal to the power 
system monitoring and control host and/or the details of signal 

20 exchange processing of each protection and control terminal and 
the power system monitoring and control host, and the fact that 
the CB state changes and the relay state changes that caused these 
CB state changes are restricted, in order to execute a correlation 
of the CB operation state changes and relay operation state 

25 changes irrespective of the discrepancy of state change 
detection times referred to above and/or the sequence of state 

16 





changes, the system monitoring control system 10 is provided with 
a CB relay correlation database storage unit 48 that stores a 
database (CB relay correlation database) associating the state 
changes of each CB of the power system 11 and the protective relay 
5 state changes corresponding to the state changes of the CBs . 

The CB relay correlation unit 43 compiles a associated 
state change message by performing a correlation of the CB 
operation state change and relay operation state change by 
referring to the CB relay correlation database of CB relay 

10 correlation database storage unit 48, using the transmitted 
state change data. 

As shown in Fig. 15, in the CB relay correlation database 
that is stored in the CB relay correlation database storage unit 
48, are associated and held beforehand: all of the CBs (for 

15 example the CB located on the XX transmission line 1L of a 
substation C and the CB located on the XX transmission line 2L 
of the substation C, etc.) of the power system 11 constituting 
the subjects of tripping/closure operation (subjects of 
correlation) of all the protection and control terminals 12- 

20 1 - 12-n, all the protective relay circuits (relay elements) that 
may be considered as causes of such operation when state change 
of these CBs occurs {closed — * (tripping direction), open — * 
closed (closure direction)}, and the re-closure circuits. 

Specifically, the CB relay correlation unit 43 determines 

25 (checks) (step SI in Fig. 16) whether the state change data (for 
example state change data D2 ) that is sent from state change 
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detection unit 41 is a CB state change or not and, if, as a result 
of this check, it finds that the data do not represent a CB state 
change, shifts to the next state change data processing and 
terminates processing . 
5 Now, since the state change data D2 represents a CB state 

change, the result of the check of step SI is YES • 

The CB relay correlation unit 43 assumes a standby state 
(step S2) in which processing is tripped until the maximum time 
Tl of the discrepancy mentioned above has elapsed after the 
10 time-point of detection of CB state change in the state change 
data . 

When the time Tl after the time-point of detection of the 
state change of the CB has elapsed, the CB relay correlation unit 
43 gets all the state change data group (which may be assumed 

15 to include for example the state change data Dl) that were stored 
in the state change data file storage unit 42 in the range of 
time Tl before and after the time-point of detection of the CB 
state change (step S3) and, by referring to the CB relay 
correlation database stored in the CB relay correlation database 

20 storage unit 48, checks whether or not this state change data 
group includes a relay state change whose association with the 
CB of state change data D2 that has been transmitted (CB located 
on XX transmission line 1L of substation C) (step S4), 

If now the CB relay correlation database includes in the 

25 relay elements associated with the CB on the XX transmission line 
1L of substation C "substation C XX transmission line 1L main 
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protection", the relay element whose state has changed in the 
state change data Dl in the state change data that was acquired 
by the processing of step S3 is "substation C XX transmission 
line 1L main protection (ground fault)", 
5 Thus, an association of the CB state change and relay state 

change is established (result of the check of step S4 is YES) , 
and a state change message (see Fig. 14 referred to above) in 
which the state-changed CB and the state-changed relay element 
are associated is compiled (step S6) . 

10 In contrast, if the result of the check of step S4 is NO 

i.e. if, on referring to the CB relay correlation database, it 
is found that no relay state change corresponding to the CB state 
change is to be found in all the state change data that was read 
by the processing of step S3, CB relay correlation unit 43 

15 recognizes that this CB state change was a CB state change due 
to some cause other than operation of a relay element, in other 
words, was due to manual operation of the equipment, and therefore 
compiles a state change message consisting of a message in which 
CB state change due to manual operation of the equipment is 

20 displayed (step S7) . 

The CB relay correlation unit 43 then stores the state 
change message compiled by the processing of step S6 and step 
S7 in the associated state change message file storage unit 44 
(step S8) . 

25 As a result, even when there is a discrepancy (maximum 

Tl) between the time-point of relay operation state change 
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detection and the time-point of CB operation state change 
detection or the order: "relay operation" — * "CB tripping" is 
not guaranteed, by comparing the state change data expressing 
the CB state change with all of the state change data present 
in the range of Tl before and after the detection time-point of 
this state change data, a state change message in which the CB 
state change and the relay state change that caused this CB state 
change are associated (or state change message expressing the 
fact that the CB state change is due to manual equipment 
operation) can be stored in the associated state change message 
file storage unit 44. 

Also, the stored state change messages can be displayed 
on a display by processing of the CB operation display unit 45. 

As described above, in a conventional power system 
monitoring and control system, the correlation processing of the 
CB operation state changes and relay operation state changes is 
performed at the power system monitoring and control host side 
by sending the CB state change data obtained by the protection 
and control terminals and the relay state change data to the power 
system monitoring and control host. 

Therefore, there is a possibility of considerable 
discrepancy between the time-point of relay operation state 
change detection and the time-point of CB operation state change 
detection, or the order of these could be reversed. 

It is difficult to correlate accurately and rapidly the 
CB operation state changes and relay operation state changes that 
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caused them. 

Specifically, since the CB relay correlation unit of the 
power system monitoring and control host of the conventional 
power system monitoring control system has to extract from the 
5 state change data file storage unit all of the state change data 
(state change data of all of the protection and control terminals : 
total state change data) that is found in a range of time Tl before 
and after the time of detection of the state change data of this 
CB, every time CB state change data has to be transmitted from 
10 any of the protection and control terminals. 

After that, the conventional power system monitoring 
control system had to perform correlation processing with this 
total state change data for each CB state change data. 

Therefore, the amount of data that is handled by the CB 
15 relay correlation unit is extremely large and the correlation 
algorithm is also complicated. 

That is, the CB operation state changes and relay 
operation state changes whose associations are established are 
restricted. 

20 But, a large number of state change data (the state change 

data of all the protection and control terminals) has to be 
correlated with any given CB state change data, so an enormous 
time is required for the correlation processing. 

In particular, although the amount of state change data 

25 that needs to be handled by the CB relay correlation unit depends 
on the maximum time Tl of the discrepancy between the time-point 
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of detection of relay operation state change and the time-point 
of detection of CB operation state change, supposing that the 
maximum value Tl of the discrepancy time is wrongly selected, 
this .Tl being set too short, there is a high risk of correlation 
overflow or a risk of occurrence of display less of the relays 
operated in response to the CB operation state change. 

On the other hand, if, in order to avoid display less of 
the relays operated in response to CB operation state change, 
the maximum value Tl of the discrepancy time is set to a larger 
value, there is a risk that each item of CB state change data 
would have to be correlated with an even larger number of state 
change data. It increases the correlation processing load, 
further increasing the correlation processing time. 

Thus, with the conventional power system monitoring 
control system, when power system equipment/devices such as CBs 
or relays (relay elements) are added in the power system, the 
association of CBs and the relays (relay elements) effecting 
open/closure operation of these CBs have to be. 

Every time such addition or alteration of association 
occurs, it is necessary to perform a maintenance operation 
involving addition of data relating to the added 
equipment/devices or association alterations to the CB relay 
correlation database stored in the CB relay correlation database 
storage unit of the power system monitoring and control host. 
This takes a large amount of time. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a system which performs correlation processing of CB operation 
state change and relay operation state change easily and rapidly 
without employing a CB relay correlation database. 

In order to solve the problem mentioned above, the 
inventors of the present invention noted that, as the 
transmission system between the protection and control terminals 
and power system monitoring and control host in the power system 
monitoring and control system, a communication network such as 
an LAN or WAN whereby mutual communication of larger volumes and 
higher rates of data can be achieved than with the conventional 
TC devices or CDT devices could be applied, and that, if such 
a communication network were employed, special restrictions 
would be unnecessary even if a large amount of data is sent from 
the protection and control terminals to the power system 
monitoring and control host . Specifically, the inventors of the 
present application aimed at solving the problem described above 
by constructing the power system monitoring control system using 
such an LAN or WAN or the like communication network as the 
transmission system and by devising means for performing the 
correlation processing of the CB operation state change and the 
relay operation state change at the protection and control 
terminal side. 

Specifically, with a power system protection and control 
system according to a first embodiment of the invention 
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comprising at least one protection and control terminal that 
performs protection and control of the power system by operating 
a two-way switch in response to a state variable input from the 
power system; An electric power system protection and control 
5 system comprises a plurality of protection and control terminals, 
each for executing protection and control of an electric power 
system by inputting a status quantity; and a power system 
monitoring and control host connected to each of the protection 
and control terminals via a communication network, for 

10 monitoring and controlling an operation of the power system based 
on information sent from the protection and control terminals. 
And, each of the protection and control terminals comprises: 
correlating means for correlating a cause of operation with an 
operation state of a two-way switch operated, and sending means 

15 for sending a result of the correlating means to the protection 
and control terminals via the communication network, 
respectively. And the power system monitoring and control host 
comprises; receiving/displaying means for receiving the result 
of the correlating means via the communication network and 

20 displaying the result of the correlating means. 

In the electric power system protection and control system 
according to the first embodiment, a 2nd embodiment shows that 
the electric power system protection and control system 
comprises: relay means for tripping the two-way switch in 

25 accordance with the status quantity of the power system. And, 
wherein the correlating means is provided with first judging 
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means for judging whether the two-way switch is opened or closed 
in accordance with the operation state of the two-way switch, 
second judging means for judging whether a relay is operated 
in association with the two-way switch is opened when the first 
5 judging means judges the two-way switch is opened, first forming 
means for forming data as the result of the correlating means 
based on both data of the relay and the two-way switch after 
the second judging means , and second forming means for forming 
data as a correlation result, which the two-way switch is opened 

r-j 10 by a manual operation, when no operation in the two-way switch 

fig is judged by the second judging means. 

fl\ In the electric power system protection and control system 

%l according to the 2nd embodiment, a 3rd embodiment further 

comprises: re-closing means for re-closing the two-way switch, 
jlf 15 wherein the correlating means is provided with, third judging 

3 . 

* m means for judging whether the re-closing means is operated in 

^ accordance with the two-way switch when the two-way switch is 

judged by the first judging means as not being closed, third 
forming means for forming data as a correlation result, in which 
20 the two-way switch is operated, when the two-way switch is judged 
by the third judging means as being closed, and fourth forming 
means for forming data as a correlation result, in which the 
two-way switch is re-closed by the manual operation, when the 
third judging means judge that the two-way switch is closed, 
25 but the re-closing means is not executed. 

In the electric power system protection and control system 

25 
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according to the 2nd embodiment, a 4th comprises: wherein the 
correlating means is provided with, fourth judging means for 
judging whether the relay is operated, fifth judging means for 
judging whether the two-way switch is re-closed within a fixed 
5 time corresponding to the relay being operated when the relay 
is judged as operated by the fourth judging means, and fifth 
forming means for forming data as correlation result, in which 
the two-way switch is failed to trip, when the two-way switch 
is judged as not re-closed within the fixed time by the fifth 
p 10 judging means. 

ry In the electric power system protection and control system 

fij according to the 3rd embodiment, a 5th embodiment comprises: 

m wherein the correlating means is provided with, sixth judging 

hi 

means for judging whether the re-closing means is executed, 

CI 

j;« 15 seventh judging means for judging whether the two-way switch is 
m re-closed within a fixed time when the sixth judging means judge 

the re-closing means is executed, and sixth forming means for 
forming data as a correlation result, in which the two-way switch 
is failed to be re-closed, when the seventh judging means judge 
20 that the re-closing means is executed within a fixed time, but 
the two-switch is not closed. 

In the electric power system protection and control system 
according to the 3rd embodiment, a 6th embodiment comprises: 
wherein the correlating means is provided with, eighth judging 
25 means for judging whether the two-way switch is re-tripped when 
the third judging means judge that the two-way switch is closed 
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and the re-closing means is executed/ and seventh forming means 
for forming data as a correlation result, in which the two-way 
switch is failed to be re-closed, when the re-closing means is 
re-tripped within fixed time as judged by the eighth judging 
5 means . 

In the electric power system protection and control system 
according to the 6th embodiment, a 7th embodiment furthermore 
comprises: wherein the correlating means is provided with, 
eighth forming means for forming data as a correlation result, 

10 in which means the two-way switch is re-closed, when the two-way 
switch is not re-tripped within the fixed time as judged by the 
eighth judging means. 

In the electric power system protection and control system 
according to the 1st embodiment, a 8th embodiment comprises: the 

15 sending means is provided with; converting means for converting 
data sent by the correlating means into converted data based on 
a predetermined format, and sending means for sending the 
converted data to the receiving/displaying means via a 
communication network, wherein the receiving/displaying means 

20 is provided with, first receiving means for receiving the 
converted data from sending means, displaying means for 
displaying the correlation result based on the converted data. 

In the electric power system protection and control system 
according to the 1st embodiment, a 9th embodiment comprises: 

25 wherein the correlating means makes at least one of operation 
time, two-way switch name, direction of operation, and 



27 




o 

yj 10 

m 

ul 

~\ 2 
f; ! J 

a:: 
L.I 

_i iS 




operational area, related to the two-way switch name, as the 
correlation result . 

In the electric power system protection and control system 
according to the 1st embodiment, a 10th embodiment related to 
the electric power system protection and control system has a 
program storing medium readable by a computer, the medium storing 
a program of instructions executable by the computer to perform 
methods steps for an electric power system protection and control 
system, this embodiment comprises a plurality of protection and 
control terminals, each for executing protection and control of 
an electric power system by inputting a status quantity; and a 
power system monitoring and control host connected to each of 
the protection and control terminals via a communication network, 
for monitoring and controlling an operation of the power system 
based on information sent from the protection and control 
terminals, the method comprising the steps of: correlating an 
operation of a two-way switch with the cause of the operation, 
and sending a result of the correlating steps to the power system 
monitoring and control host via the communication network, 
respectively, and further more the program storing medium 
comprises: wherein executing correlating means steps 
comprising; executing first judging means step for executing the 
first judging means for judging whether the two-way switch is 
opened or closed in accordance with a operation of the two-way 
switch; executing second judging means step for executing the 
second judging means for judging whether relay is operated in 
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association with the two-way switch is opened when the first 
judging means judge that the two-way switch is opened; executing 
first forming means step for executing the first forming means 
for forming data as the result of the correlating means based 
5 on both data of the relay and the two-way switch after the second 
judging means; and executing second forming means step for 
executing the second forming means forming data as a correlation 
result, which the two-way switch is opened by manual operation, 
when no operation in the two-way switch is judged by the second 
10 judging means. 



system according to a 11th embodiment of the invention comprises : 
at least one protection and control terminal that performs 
protection and control of the power system by operating a two-way 

15 switch in response to a state variable input from the power 
system; An electric power system protection and control system 
comprises a plurality of protection and control terminals, each 
for executing protection and control of an electric power system 
by inputting a status quantity, and a power system monitoring 

20 and control host connected to each of the protection and control 
terminals via a communication network, for monitoring and 
controlling an operation of the power system based on information 
sent from the protection and control terminals. And, each of the 
protection and control terminals comprises; a plurality of 

25 protection and control terminals, each for executing protection 
and control of an electric power system by inputting a status 



Furthermore, with a power system protection and control 
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quantity, and a power system monitoring and control host 
connected to each of the protection and control terminals via 
a communication network, for monitoring and controlling an 
operation of the power system based on information sent from the 
5 protection and control terminals. Each of the protection and 
control terminals comprises: a correlation circuit to correlate 
a cause of operation with an operation state of a two-way switch 
operated, and a correlation result transmission circuit sending 
a result of the correlation circuit to the protection and control 

10 terminals via the communication network, respectively. The power 
system monitoring and control host comprises; a correlation 
result reception unit to receive sending the result of the 
correlation circuit, a CB operation display unit to display the 
result of the correlation received by the correlation result 

15 reception unit. 

In the electric power system protection and control system 
according to the 11th embodiment, a 12th embodiment, further 
comprises: a protective relay circuit to trip the two-way switch 
in accordance with the status quantity of the power system, 

20 wherein the correlation circuit is provided with a CPU. The 
CPU comprises: a first judging unit judge whether the two-way 
switch is opened or closed in accordance with the operation state 
of the two-way switch, a second judging unit to judge whether 
a relay is operated in association with the two-way switch is 

25 opened when the first unit judges the two-way switch is opened, 
a first forming unit to form data as the result of the 
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correlation result transmission circuit based on both data of 
the relay and the two-way switch after the second judging unit; 
and a second forming unit to form data as a correlation result, 
which the two-way switch is opened by a manual operation, when 
no operation in the two-way switch is judged by the second judging 
unit . 

In the electric power system protection and control system 
according to the 12th embodiment, a 13th embodiment furthermore 
comprises: a re-closure circuit to re-close the two-way switch, 
wherein the correlation result transmission circuit is provided 
with a CPU, And the CPU comprises; a third judging unit to judge 
whether the re-closure circuit is operated in accordance with 
the two-way switch when the two-way switch is judged by the first 
judging unit as not being closed, a third forming unit to form 
data as a correlation result, in which the two-way switch is 
operated, when the two-way switch is judged by the third judging 
unit as being closed, and a fourth forming unit to form data as 
a correlation result, in which the two-way switch is re-closed 
by the manual operation, when the third judging unit judge that 
the two-way switch is closed, but the re-closure circuit is not 
executed. 

In the electric power system protection and control system 
according to the 12th embodiment, a 14th embodiment furthermore 
comprises: wherein the correlation result transmission circuit 
is provided with a CPU. And the CPU comprises; a fourth judging 
unit to judge whether the relay is operated, a fifth judging unit 
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to judge whether the two-way switch is re-closed within a fixed 
time corresponding to the relay being operated when the relay 
is judged as operated by the fourth judging unit, and 
a fifth forming unit to form data as correlation result, in which 
the two-way switch is failed to trip, when the two-way switch 
is judged as not re-closed within the fixed time by the fifth 
judging unit. 

In the electric power system protection and control system 
according to the 13th embodiment, a 14th embodiment furthermore 
comprises: wherein the correlation result transmission circuit 
is provided with a CPU. And the CPU comprises; a sixth judging 
unit to judge whether the re-closure circuit is executed, a 
seventh judging unit to judge whether the two-way switch is 
re-closed within a fixed time when the sixth judging unit judge 
the re-closure circuit is executed, and a sixth forming unit to 
form data as a correlation result, in which the two-way switch 
is failed to be re-closed, when the seventh judging unit judge 
that the re-closure circuit is executed within a fixed time, but 
the two-switch is not closed. 

In the electric power system protection and control system 
according to the 13th embodiment, a 15th embodiment furthermore 
comprises: wherein the correlation result transmission circuit 
is provided with a CPU. And the CPU comprises; a eighth judging 
unit to judge whether the two-way switch is re-tripped when the 
third judging unit judge that the two-way switch is closed and 
the re-closure circuit is executed, and a seventh forming unit 
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to form data as a correlation result, in which the two-way switch 
is failed to be re-closed, when the re-closure circuit is 
re-tripped within fixed time as judged by the eighth judging unit . 

In the electric power system protection and control system 
according to the 15th embodiment, a 16th embodiment furthermore 
comprises: wherein the correlation result transmission circuit 
is provided with, a eighth forming unit to form data as a 
correlation result, in which means the two-way switch is re- 
closed, when the two-way switch is not re-tripped within the fixed 
time as judged by the eighth judging unit. 

In the electric power system protection and control system 
according to the 11th embodiment, a 17th embodiment furthermore 
comprises: wherein the correlation result transmission circuit 
is provided with, a converting unit to convert data sent by the 
correlation circuit into converted data based on a predetermined 
format, and a sending unit to send the converted data to the 
correlation result reception unit via a communication network, 
wherein the correlation result reception unit is provided with, 
a first receiving unit to receive the converted data from sending 
unit, a displaying unit to display the correlation result based 
on the converted data. 

In the electric power system protection and control system 
according to the 11th embodiment, a 18th embodiment furthermore 
comprises: wherein the correlation result transmission circuit 
makes at least one of operation time, two-way switch name, 
direction of operation, and operational area, related to the 





two-way switch name, as the correlation result. 

Furthermore, a 19th embodiment comprises at least one 
protection and control terminal that performs protection and 
control of the power system by actuating a switch in response 
5 to a state variable input from the power system; and a power system 
monitoring and control host that performs monitoring and control 
of the power system in accordance with data transmitted from the 
at least one protection and control terminal, being mutually 
connected with this at least one protection and control terminal 

10 in such a manner that data can be exchanged through a 
communication network, wherein the at least one protection and 
control terminal comprises correlation means that perform 
correlation of the operated switch and the cause of its operation 
when the switch is operated, and correlation result transmission 

15 means that transmit the result obtained by the correlation 
processing of this correlation means to the power system 
monitoring and control host through the communication network; 
and the communication monitoring device comprises correlation 
result reception and display means that receives and displays 

20 the correlation result transmitted through the communication 
network from the correlation result transmission means. 

In particular, in the power system monitoring and control 
system according to the 19th embodiment, the at least one 
protection and control terminal comprises a relay element that 

25 trips a corresponding switch when operated in response to the 
state variable, and the correlation means comprises: a first 
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checking means that checks to ascertain whether the switch that 
has been operated in response to the operation state of the switch 
in question, that was acquired from the switch, was tripped or 
closed; second checking means that, when, as a result of the 
5 checking of the first checking means, it is ascertained that the 
switch that has been operated is tripped, checks to find whether 
or not the relay element corresponding to this switch that has 
been operated was operated; first generating means that, if, as 
a result of the checking of this second checking means it is found 

10 that the relay element was operated, generates as the correlation 
result data in which the relay element that was operated and the 
switch that was tripped are associated; and second generating 
means that, if, as a result of the checking of the second checking 
means, it was concluded that the relay element was not operated, 

15 generates as the correlation result data expressing the fact that 
the switch in question was tripped by manual operation of the 
device . 



according to claim the 19th embodiment, wherein the at least one 
20 protection and control terminal comprises re-closure means 
capable of executing re-closure control for the switch, and the 
correlation means comprises: third checking means that, if, as 
a result of the checking of the first checking means, it is 
ascertained that the operated switch has been closed, checks to 
25 ascertain whether or not the re-closure means is executing 
re-closure control for the switch that was closed; third 



Also, in the power system monitoring and control system 
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generating means that if, as a result of the checking of this 
third checking means, it is ascertained that re-closure control 
is being executed by the re-closure means for the switch that 
was closed, generates as the correlation result data expressing 
5 the fact that closure of the switch in question was effected by 
re-closure control; and fourth generating means that, if, as a 
result of the checking of the third checking means, it is 
ascertained that re-closure control is not being executed for 
the switch that was closed, generates as the correlation result 

10 data expressing the fact that the switch in question was closed 
by manual operation of the device. 

With a power system monitoring and control system 
according to the 19th embodiment constructed in this way, if for 
example, at least one of a plurality of switches is operated, 

15 the first checking means checks to ascertain whether the switch 
that has been operated was tripped or closed, by using the 
operation states of the plurality of switches obtained from these 
plurality of switches, and if, as a result of this checking, it 
ascertains that the operated switch was tripped, the second 

20 checking means checks to ascertain whether or' not the relay 
element corresponding to the operated switch was operated. 

If, as a result of the checking of this second checking 
means, it is found that a relay element was operated, the first 
generating means generates as the correlation result data in 

25 which the operated relay element and tripped switch are 
associated, and if, as a result of the checking of the second 
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checking means, it is found that no relay element was operated/ 
the second generating means generates as correlation result data 
expressing the fact that the operated switch was tripped by manual 
operation of the device. 
5 The correlation result transmission means transmits the 

correlation result generated by the first generating means or 
second generating means through the communication network to the 
power system monitoring and control host; at the power system 
monitoring and control host, the correlation result that was 

10 transmitted through the communication network from the 
correlation result transmission means is received and displayed 
by the correlation result reception and display means. 

Also, according to a 20th embodiment of a power system 
protection and control terminal according to this invention, 

15 wherein protection and control of the power system is performed 
by actuating a switch in response to a state variable that is 
input from the power system, the protection and control terminal 
comprises correlation means that, when the switch is operated, 
effects a correlation of the operated switch and the cause of 

20 this 1 operation. 

Further, with a storage medium according to a 21th 
embodiment of this invention storing a program capable of being 
read by a computer constituting at least one protection and 
control terminal comprising a function of effecting protection 

25 and control of a power system by operation of a switch in response 
to a state variable input from the power system, and a function 
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of transmitting data relating to the protection and control to 
a power system monitoring and control host for the power system 
monitoring and control through a transmission network, 
comprising: a procedure for executing correlation processing of 
5 the operated switch and the cause of its operation on operation 
of the switch, and a procedure for transmitting the result 
obtained by the correlation processing to the power system 
monitoring and control host through the communication network. 



10 according to the 21th embodiment, wherein: the computer 
constituting the at least one protection and control terminal 
is provided with a relay element that trips the switch in question, 
being operated in response to the state variable; and the 
correlation processing execution procedure comprises: a first 

15 checking procedure that checks to ascertain whether the switch 
that was operated in response to the operation state of the switch 
in question that was acquired from the switch was closed or 
tripped; a second checking procedure that, if, as a result of 
this first checking procedure, the operated switch was found to 

20 be tripped, determines whether or not the relay element 
corresponding to this switch that was operated is operated; a 
first generating procedure that, if, as a result of the checking 
performed by this second checking procedure, it is found that 
the relay element was operated, generates as the correlation 

25 result associated data of this operated relay element and the 
switch that was tripped; and a second generating procedure that, 



In particular, with a storage medium for storing a program 
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if it was found, as a result of the checking performed by the 
second checking procedure, the relay element was not operated, 
data expressing the fact that the switch in question was tripped 
by manual operation of the device is generated as the correlation 
result. 



BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and 
many of the attendant advantage thereof will be readily 
obtained and better understood by reference to the 
following detailed description when considered in 
connection with the accompanying drawings. 

Fig V; l shows the basic layout of a power system monitoring 
control^'system according to a first embodiment of the invention. 

Fig. 2 shows a circuit block diagram of a protection and 
control^ terminal and power system monitoring and control host 
in the power ^system monitoring and control system of Fig. 1. 



Fig. 3 is a flow chart showing diagrammatically an example 
of SB operation state change processing of the CPU of a 
correlation "circuit . 

>Fig. 4 is a flow chart showing diagrammatically an example 

of correlation result transmission processing of a CPU of the 

^y 

correlation^result transmission circuit . 

y 

Fig. 5 shows the transmission format of conversion 
processing of the correlation result transmission circuit. 

Fig^ ; 6 shows the content of state change message data 
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compiled in the first embodiment. 

Fig . l^J^&*fTow chart showing diagrammatically an example 
of relay j©peration state change processing of the CPU of the 
correlation circuit in a power control and monitoring control 
system according to a second embodiment of the invention. 

Fig^8 is a flow chart showing diagrammatically an example 



of re^losure execution state change processing of a CPU of the 
correlation circuit in the power system monitoring and control 
system according to a third embodiment of the invention. 

n y 

10 9 is a flow chart showing diagrammatically an example 
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of CW operation state change processing of the CPU of the 
correlation circuit in a power system monitoring and control 
system according^to a fourth embodiment of the invention. 

y 

Fig.^10 shows the hardware layout and processing software 
15 of a protection and control terminal and power system monitoring 

/ 

and control host in the power system monitoring and control system 
in Fig. 1. 

Fig^Tl shows an example of a circuit block diagram of 

a priop^art system monitoring and control system. 

20 f Fig. 12 shows an example of the transfer format of power 

/ 

system information received by a conventional power system 

/' 

monitoring and control host through a transmission system. 




25 /Fig. 14/ishows the content of a conventional state change 

/ / 

message. 

/ 
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Fig. 15 ^shbws the content of a CB relay correlation 
database 

^/Fig. 16 is a flow chart showing diagrammatically an 
example of the" CB relay correlation processing of a CB relay 
5 correlation unit in Fig. 11. 

DETAILED - DEGOROPTION - OF THE PREFERRED 
A 

EMBODIMENT 

Numerous modifications and variations of the 
10 present invention are possible in view of the above 

teachings described below. It is therefore to be 

understood that within the scope of the appended claims, 

the invention may be practiced otherwise than as 

specifically described herein. 
15 Embodiments of the invention are described below with 

reference to the drawings. 

A power system protection and control system according 

to a first embodiment of the invention is described with reference 

to Fig. 1 ~ Fig. 6. 
20 Fig.l shows the basic layout of a power system monitoring 

and control system 1 according to this embodiment. 

The power system monitoring and control system 1 shown 

in Fig.l comprises a plurality of protection and control 

terminals 2-1 - 2-n. 
25 The protection and control terminals 2-1 ~ 2-n processing 

performs control of the plurality of state variables (electrical 
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quantities) Ml - Mn such as current or voltage input from for 
example substations (substation A, substation B, substation 
C, . ..) constituting a power system 11. 

The protection and control terminals 2-1 ^ 2-n perform 
5 protection and control of the power system 11 by sending to the 
power system 11 protection and control outputs CI - C2 based on 
the protection and control processing result. / 

A power system monitoring and control host 4 receives 
data relating to the power system sent from this plurality of 
10 protection and control terminals 2-1 - 2-n through a transmission 
[,.;( system 3, and that performs monitoring or control of the power 

system 11 using the power system data which is thus received. 
*f* As the transmission system 3 of this embodiment, a 

* communication network such as a LAN or WAN that is capable of 

^ z 15 mutual communication of large volumes and high rates of data 
^LJ correlated with the conventional TC devices or CDT devices, is 

employed. 

Fig. 2 shows a view showing a circuit block diagram of 
protection and control terminal 2-1 and power system monitoring 
20 and control host 4 in the power system monitoring control system 
1 shown in Fig. 1. 

Although in Fig. 2 only the circuit block diagram of the 
single protection and control terminal 2-1 is illustrated, the 
circuit block diagrams of the other protection and control 
25 terminals 2-2 - 2-n being omitted, their circuit block diagrams 
are identical with that of the protection and control terminal 

42 
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2-1. Also, constructional elements that are practically 
identical with constructional elements of the circuit block 
diagram of the protection and control terminal 12-1 shown in Fig, 
12 above are given the same reference numerals and further 
5 description is abbreviated or omitted. 

The protection and control terminal 2-1 in Fig. 2 includes 
a CPU 30a, a correlation circuit 30 and a correlation result 
transmission circuit 31. 

The memory 30b stores a CPU 30a and program or data, etc. 
10 necessary for the processing of the CPU 30a. 

The correlation circuit 30 performs correlation 
processing of a CBs 11a, lib and a relay elements 21al - 21a3, 
using the operation state of the relay elements 21al - 21a3 of 
the protective relay circuit 21, the operation state of re- 
15 closure circuit 23 and the open/closed state of the CBs 11a, lib 
obtained by CB state receiving circuit. 

The correlation result transmission circuit 31 has a CPU 
31a and a memory 31b for storing programs and data etc. necessary 
for the processing of this CPU 31a, and converts an associated 
20 state change message (state change message) compiled as the 
correlation result of the correlation circuit 30 into state 
change message data in accordance with a prescribed transmission 
format, and sends the state change message data obtained by this 
conversion process through the transmission system 3 to a power 
25 system monitoring and control host 4. 

To the CPU 30a of the correlation circuit 30, there are 
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respectively periodically transmitted the open/closed state 
(open or closed) of CBs 11a, lib from CB state a receiving circuit 
24, the operation state of the relay elements 21al 21a3 of a 
protective relay circuit 21 (operated or reset) and the operated 
5 state (executing re-closure or reset) of the re-closure circuit 
23. 

The CPU 30a of the correlation circuit 30 performs 
operation processing in accordance with an algorithm (flow 
chart: see Fig. 3) relating to CB operation state change 
10 processing stored in the memory 30b, using the open/closed state 
of the CBs 11a, 1 lb that has thus been transmitted, the operation 
state of the relay elements 21al - 21a3 of the protective relay 
circuit 21, and the operation state of the re-closure circuit 
23. 

15 Specifically, the CPU 30a of the correlation circuit 30 

checks whether or not the open/closed state of the CBs 11a, lib 
that has been transmitted has changed (whether a state change 
has occurred or not), and, if a state change has occurred (for 
example, the CB 11a) , checks whether the state change of this 

20 CB 11a was tripping (closed — > open) or closure (open — » closed) 
(Fig. 3, step S21) . 

If the result of this checking in step S21 is that no state 
change of the CB 11a has occurred (i.e. it is still open or still 
closed) , the CPU 30a repeats the checking of step S21 for the 

25 open/closed state of the CB which is next transmitted to it. 

In contrast, if, as a result of the checking of step S21, 
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it is found that a state change of the CB 11a has occurred, if 
this CB state change is tripping (closed — * open) , the CPU 30a, 
using the operation state of the relay elements 21al ~ 21a3 of 
the protective relay circuit 21 that has been transmitted to it, 
5 checks to find whether or not these relay elements 21a ~ 21a3 
include any relay element that has been operated (step S22) . 

If the result of the checking of this step S22 is YES, 
i.e., operated relay elements (for example, the relay elements 
21al and 21a2) are found, the CPU 30a determines that the CB 11a 

10 has been tripped due to some fault and associates the operation 
names of these operated relay elements 21al and 21a2 (for example 
main protection ground fault and backup ground fault) with the 
CB 11a that has been tripped, to compile a associated state change 
message for the CB fault tripping (step S23) , and shifts to the 

15 processing of step S28, to be described. 

Also, if the result of the checking of step S22 is NO, 
i.e., no operated relay element is found, the CPU 30a determines 
that tripping of this CB 11a was due to a manual operation of 
the equipment by an operator. 

20 And an associated state change message which expresses 

the fact that CB tripping was due to a state change produced by 
the manual operation (step S24) , before shifting to the 
processing of step S28, to be described later. 

In contrast, if the result of the checking of step S21 

25 is that a state change of the CB 11a has occurred and that this 
CB state change is closure (open — * closed) , the CPU 30a, using 
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the operation state of the re-closure circuit 23 which has been 
transmitted to it, determines whether or not this re-closure 
circuit 23 is in the process of executing re-closure (step S25) . 



5 that the re-closure circuit 23 is executing re-closure, the CPU 
30a determines that the state change of the CB 11a is a closure 
state change produced by re-closure control and therefore 
compiles an associated state change message expressing the fact 
that re-closure is being executed (success) due to CB closure 
10 (step S26) , and shifts to the processing of step S28, to be 
described. 



i.e., the re-closure circuit 23 is not executing re-closure (i.e. 
it is reset) , the CPU 30a determines that the state change of 

15 the CB 11a above consisted in a closure state change produced 
by manual operation of the equipment by an operator, and so 
compiles an associated state change message (step S27) 
expressing CB closure due to a manual state change, and shifts 
to the processing of step S28, to be described. 

20 Next, if the associated state change message compilation 

processing of any of step S23, step S24, step S26 and step S27 
has been completed, the CPU 30a appends the CB operation time 
to the associated state change message that has been compiled, 
and transfers this associated state change message with this CB 

25 operation time-point appended to the correlation result 
transmission circuit 31 (step S28), whereupon processing is 



If the result of the checking of step S25 is YES, i.e 



Also, if the result of the checking of step S25 is NO, 
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terminated. 

Then, the CPU 31a of the correlation result transmission 
circuit 31 then performs operation processing in accordance with 
an algorithm (flow chart: see Fig. 4) stored in the memory 31b, 
5 using the associated state change message with the CB operation 
time-point appended which has been transmitted thereto from the 
correlation circuit 30. 

Specifically, the CPU 31a of the transmission result 
transmission circuit 31 checks to find whether or not an 

O 

rjjj 10 associated state change message has been passed from the 

Flj 

g;j correlation circuit 40 (Fig. 4, step S30) . 

£r] If an associated state change message has been passed from 

l;j the correlation circuit 30 (result of checking of step S30 YES) , 

it converts this associated state change message that has been 

J;* 

i tml 15 passed to a state change message having a transmission format 
F as shown in Fig. 5 (step S31), and transmits this converted 
v " state change message data to transmission system 3 (step S32) . 

It then shifts to the processing of step S30, after which 
it executes sequentially the steps S30 - step S32 described above 
20 on the state change message passed from correlation circuit 30. 

The transmission format F determines the data structure 
of the state change message data that is sequentially transmitted 
from the correlation result transmission circuit 31 to the 
transmission system 3 {shown in time sequence in Fig. 5: state 
25 change message data MDn-1, state change message data MDn, state 
change message data MDn+1 , . . . } . 



Specifically, the various types of information (CB state 
change operation direction, name of operated relay (relay 
element) and time-point of CB state change operation) 
constituting the state change message passed from the 
5 correlation circuit 30 are located in a fixed order in accordance 
with the transmission format F shown in Fig. 5 to constitute the 
state change message data. 

This embodiment is so constituted that, in transmission 
format F, the data expressing the name of the substation where 
Cl 10 the state-changed CB is located is first data dl, the data 
v£ expressing the name of the state-changed CB is second data d2, 

H.I the data expressing the time-point of the CB state change 

cri 

S3 operation is third data d3, the data expressing the direction 

a of CB operation is fourth data d4, the data expressing the zone 

IT j 

4* 15 of CB state change operation is fifth data d5, and the data 
£|1 expressing the name of the relay element operated in accordance 

with the CB state change is sixth data d6; a state change message 
in accordance with the above transmission format F is transmitted 
to the transmission system 3 as serially encoded data MDn. 
20 The other circuit blocks (the protective relay circuit 

21, the CB control circuit 22, the re-closure circuit 23 and the 
CB state change receiving circuit 24) could also be realized by 
computers provided with a CPU and memory etc. 

The power system monitoring and control host 4 includes 
25 a correlation result reception unit 35, an associated state 
change message file storage unit 36 and a CB operation display 
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unit 37. 

The correlation result reception unit 35 receives the 
state change message data constituting the result of the 
correlation transmitted from the protection and control 
5 terminals 2-1 - 2-n through the transmission system 3 and that 
extracts the correlation result (state change message) contained 
in the state change message data in accordance with the 
transmission format F. 

The associated state change message file storage unit 36 
10 stores in the form of a file the correlation result (state change 
message) obtained by reception processing of the correlation 
result reception unit 35. 

The CB operation display unit 37 reads the state change 
message file stored in the associated state change message file 
15 storage unit 36 and displays this on a display screen. 

The circuit blocks described above (the correlation 
result reception unit 35, the associated state change message 
file storage unit 36 and the CB operation display unit 37) may 
be respectively realized by way of a computer provided with a 
20 CPU and memory etc. 

Next, the overall operation when a system fault occurs 
in the power system monitoring control system 1 according to this 
embodiment, in particular in the power system 11, will be 
described. It should be noted that, although in the first 
25 embodiment and in the embodiments which are subsequently 
described, only the operation of protection and control terminal 
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2-1 in a plurality of the protection and control terminals 2-1 

- 2-n is described, but identical processing is performed by the 
other protection and control terminals 2-2 - 2-n. 

Likewise, in the first embodiment and in the embodiments 
5 subsequently described, prior to occurrence of a system fault, 
the state: all CBs 11a, lib — » closed, all relay elements 21al, 

- 21a3 of the protective relay circuit 21 — * reset, and re-closure 
circuit 23 — > reset, is to be assumed. 

When a system fault occurs in the power system 11, the 

10 state variables that are input to the protective relay circuit 
21 from the power system 11 change in accordance with this system 
fault, causing a prescribed relay element of the protective relay 
circuit 21 to be operated in accordance with this change {for 
example relay element (main protective ground fault of 

15 substation A) 21al and relay element (backup ground fault of 
substation A) 21a2}. 

As a result, relay operation signals are respectively 
transmitted to the CB control circuit 22, the re-closure circuit 
23 and the correlation circuit 30. 

20 The CB control circuit 22 outputs a tripping instruction 

in accordance with the relay operation signals that have thus 
been transmitted to the CB (for example the CB on XY transmission 
line 2L of substation A) 11a corresponding to the operated relay 
elements 21al and 21a2, and, as a result, the CB 11a is tripped 

25 (closed —» open) . 

The CB state receiving circuit 24 then periodically gets 
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the open/closed state of CBs 11a, lib so that the operation state 
(state change) of the CBs 11a, lib including the operation state 
change (closed — > open) resulting from tripping of the CB 11a 
is transmitted through the CB state receiving circuit 24 to the 
5 correlation circuit 30 and the re-closure circuit 23. 

The correlation circuit 30, from the transmitted CB state 
change (closed — » open) and relay operation signals (the relay 
element 21al and 21a2 — * operated) , determines that the CB 11a 
was tripped due to a fault (see Fig. 3, steps S21 - S22) . 

10 Then, the correlation circuit 30 compiles an associated 

state change message Ml expressing CB fault tripping (see Fig. 
3, step S23) . This compiled state change message Ml is sent to 
the correlation result transmission circuit 31, with the CB 
tripping time-point (for example, 10 hours 10 minutes 10 seconds) 

15 appended thereto (see Fig. 3 step S28) . 

Meanwhile, the re-closure circuit 23, on receiving the 
relay operation signal transmitted from the protective relay 
circuit 21 and the operation state (the CB 11a open) transmitted 
from the CB state receiving circuit 24, sends a re-closure 

20 execution signal to the CB control circuit 22 and the correlation 
circuit 30 after waiting for a predetermined time from the timing 
of this reception. 

The CB control circuit 22 outputs a closure instruction 
to the CB 11a in response to the re-closure execution signal that 

25 has been transmitted, and, as a result, the CB 11a closes (open 
— ► closed) . 




The CB state receiving circuit 24 then sends the operation 
states of the CBs 11a, lib including the operation state change 
(open — ► closed) produced by re-closure of the CB 11a to the 
correlation circuit 30 and the re-closure circuit 23. 

5 From the transmitted CB state change (open — > closed) and 

re-closure execution signal, the correlation circuit 30 
concludes that the CB 11a has been closed by re-closure control 
(see Fig. 3 step S21 and step S25) , and compiles an associated 
state change message M2 expressing the fact that re-closure is 
10 under execution (successful) due to CB closure (see Fig. 3 step 
S26) . 

This state change message M2 that has thus been compiled 
is transmitted to the correlation result transmission circuit 
31, with the CB closure time-point (10 hours 10 minutes 11 
15 seconds) appended thereto (see Fig. 3, step S28) . 

If the state change (open — > closed) of CB 11a on YZ 
transmission line 1L of substation B for example and re-closure 
reset are transmitted to the correlation circuit 30, the 
correlation circuit 30 concludes that the CB 11a has been closed 
20 by a manual operation of the equipment (see Fig. 3 step S21 and 
S25) and compiles an associated state change message M3 
expressing CB closure produced by manually-operated state change 
(see Fig. 3 step S27) . 

This state change message M3 which has thus been compiled 
25 is then sent to the correlation result transmission circuit 31 
with the CB closure time-point (for example, 20 hours 10 minutes 
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01 seconds) appended thereto* 

The correlation result transmission circuit 31 compiles 
respective state change message data MD1 - MD3 by state change 
processing in accordance with the transmission format F shown 
in Fig. 5 from the state change message Ml sent from the 
correlation circuit 30 (in the event of CB fault tripping) , state 
change message M2 (in the event of CB closure produced by 
re-closure action) and state change message M3 (in the event of 
CB closure produced by manual operation) (see Fig. 4 steps S30 



data MD1 there is compiled encoded data in which the following 
are located in series: bit data expressing "substation A" (first 
data dl) , bit data expressing "XY transmission line 2L CB" (second 
data d2), bit data expressing "10 hours 10 minutes 10 seconds" 
(third data d3) , bit data expressing "tripped" (fourth data d4) , 
bit data expressing "fault state change" (fifth data d5) and bit 
data expressing "main protection ground fault", "backup ground 
fault" (sixth data d6) . 



data includes "substation A", "XY transmission line 2L CB", "10 
hours 10 minutes 11 seconds", "closure" and "re-closure 
success"} and state change message data MD3 {serially encoded 
data includes of "substation B", "YZ transmission line 1L CB", 
"20 hours 10 minutes 11 seconds", "closure" and "state change 
produced by manual operation"} are respectively compiled. 



- 31) . 



Specifically, as shown in Fig. 6, as state change message 



Likewise, state change message data MD2 { serially encoded 
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The compiled state change message data MD1 ~ MD3 are 
received by the correlation result receiving unit 35 of the power 
system monitoring and control host 4 through the transmission 
system 3 and the correlation result (state change message) Ml 
5 contained in state change message data MD1 in accordance with 
transmission format F "at 10 hours 10 minutes 10 seconds, the 
CB on XY transmission line 2L of substation A was tripped by a 
fault state change by operation of main protective ground fault 
21al and backup short circuit relay 21a2" is extracted. 

10 Likewise, the correlation result (state change message) 

M2 contained in state change message data MD2 "at 10 hours 10 
minutes 11 seconds, the CB on the XY transmission line 2L of 
substation A was closed by re-closure control" and the 
correlation result contained in the state change message data 

15 MD3 (state change message) M3 "at 20 hours 10 minutes 01 seconds, 
the CB on the XZ transmission line 1L of substation B was closed 
by manual state change" are respectively extracted. 

The extracted correlation results (state change 
messages) Ml ~ M3 are stored in the associated state change 

20 message file storage unit 36 in file form as respective state 
change message files MF1 - MF3 . 

The state change message files MF1 ~ MF3 stored in the 
associated state change message file storage unit 36 are then 
read by the CB operation display unit 37. A display device is 

25 then used to effect display in the form of a display screen 
expressing the content of these state change messages Ml - M3 
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{ for example a table as shown in Fig . 6 or a display screen wherein 
the state changed CB symbol and relay operation (re-closure 
operation) symbol are superimposed on a system diagram} . 

As described above, with this construction, utilizing the 
5 fact that protection and control terminals 2-1 ^ 2-n and the power 
system monitoring and control host 4 are connected by means of 
the transmission system (communication network) 3 such as the 
LAN or WAN, the correlation of relay operation (or re-closure 
control) and CB state change is effected at the protection and 

O 

10 control terminals 2-1 - 2-n side. 

rij 

ijl The result of the correlation is obtained and transmitted 

rij 

£j»} to the power system monitoring and control host 4 through the 

jhj transmission system 3, where it is subjected to display 

f»l processing . 

15 That is, since the correlation processing of the relay 

01 

operation (re-closure control) and CB state change produced by 
this relay operation (re-closure control) is performed at the 
side of the protection and control terminals 2-1 - 2-n, the order 
of this relay operation (re-closure control) and CB state change 
20 produced by this relay operation (re-closure control) is always 

guaranteed (relay operation — ► CB state change produced by this 
relay operation) . 

Also, with this construction, since relay operation and 
CB state change are located to be detected by protection and 
25 control terminals 2-1 - 2-n instead of being detected at the power 
system monitoring and control host 4 side through the 
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transmission system 3, there is no need to consider the 
discrepancy time Tl between the relay operation detection 
time-point and CB state change detection time-point. 

There is no possibility of correlation overflow or 
5 increase of correlation processing time caused by the setting 
of the discrepancy time Tl. 

As described above, with this embodiment, the order of 
relay operation and CB state change produced by such relay 
operation is always guaranteed, and there is no need to consider 

Q 

^3 10 the discrepancy time Tl between the time-point of relay operation 

FU 

y3 detection and the time-point of CB state change detection. 

fU 

Cn So, a CB relay correlation database for performing 



correlation processing without involvement of the effects of 
such operation order inversion or discrepancy time Tl becomes 

15 unnecessary, and the work of maintenance of such a CB relay 
correlation database also becomes unnecessary. 

Furthermore, since, with this construction, the 
correlation processing of CB state change and relay operation 
(re-closure control) is executed at the protection and control 

20 terminals 2-1 - 2-n, and the relay elements that cause CB state 
change (for example, state change of the CB 11a) occurring within 
the protection and control terminals 2-1 ~ 2-n are restricted 
to a small number of relay elements (for example two relay 
elements: the CB 11a — » relay elements 21al, 21a2 and one relay 

25 element: CB lib — » relay element 21a3), correlation processing 
can be per formed very accurately, easily and rapidly, correlated 

56 



with the conventional case, where correlation processing is 
performed of the CB state change data with all of the state change 
data of the protection and control terminals 2-1 - 2-n. 

Also, with this construction, since the time-point at 
5 which the CB state change is detected can be appended to the state 
change message at the protection and control terminals 2-1 ~ 2-n, 
a very precise CB state change detection time-point can be 
displayed on the display of the power system monitoring and 
control host 4 , correlated with the case where, as conventionally, 

10 the CB state change detection time-point is appended to the state 
change message at the power system monitoring and control host 
after passing through the transmission system. 

Although in this embodiment a structural element 
corresponding to the state change data file storage unit shown 

15 in previous Fig. 21 is omitted, the invention is not restricted 
to this embodiment. 

For example, the state change data file storage unit 42 
as shown in Fig.l could be added as a structural element of the 
power system monitoring and control host 4. 

20 At this point, the correlation circuit 30 compiles state 

change data as shown in the previous Fig. 23 in parallel with 
the correlation processing described above and sends this to the 
power system monitoring and control host 4 through the 
correlation result transmission circuit 31 and the transmission 

25 system 3. 

The correlation result reception unit 35 of the power 
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system monitoring and control host 4, in addition to the 
correlation result reception processing described above, writes 
the state change data transmitted through the transmission 
system 3 in the state change data file storage unit 42 in a file 
5 form, after reception processing of the state change data that 
is transmitted through the transmission system 3. 

Under a construction as described above, since the power 
system monitoring and control host 4, in addition to the state 
change message file which is the result of the correlation, can 
10 store a state change data file representing the state change data 
of each CB or relay element itself, the task of system monitoring 
Jj;J can be performed by utilizing the state change data file itself. 

I; 5 

jr* Therefore, this can contribute to improving the 

z.^ efficiency of system monitoring. 

:^ 15 A power system protection and control system according 

m to a second embodiment of the invention is described with 

^ reference to Fig. 7. 

In the power system monitoring and control system 1A of 
this embodiment, since, apart from the processing of the CPU 30a 
20 of the correlation circuit 30 of the protection and control 
terminals 2-1 ~ 2-n in Fig. 2 and the processing of the CPU 31a 
of the correlation result transmission circuit 31 is different 
from those of the power system monitoring control system 1 
described in the first embodiment. 
25 Otherwise, the construction and operation of power system 

monitoring control system 1 illustrated in Fig. 2 is equivalent, 
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so, in this embodiment, only the processing of a CPU 30a of a 
correlation circuit 30A and the processing of a CPU 31a of a 
correlation result transmission circuit 31A will be described, 
the rest of the description thereof being omitted, 
5 In addition to operation processing in accordance with 

the algorithm shown in previous Fig. 3, the CPU 30a of the 
correlation circuit 30A of this embodiment performs operation 
processing in accordance with the algorithm shown in Fig. 7 (flow 
chart) , using the open/closed state of the CBs 11a, lib, the 

10 operation state of relay elements 21al - 21a3 of the protective 
relay circuit 21 and the operation state of the re-closure circuit 
23, which are transmitted thereto. 

The processing of the CPU 30a of the correlation circuit 
30A is described below with reference to the algorithm shown in 

15 Fig. 7. 

Specifically, the CPU 30a of the correlation circuit 30A 
checks (Fig. 7, step S40) whether the operation state of the relay 
elements 21al ~ 21a3 is "operated" or "reset", by reference to 
whether or not a relay operation signal is transmitted from at 

20 least one the relay elements 21al - 21a3 of the protective relay 
circuit 21 for which transmission has been effected. 

As a result of the decision in this step S40, in the state 
in which no relay operation signal has been sent from any of the 
relay elements 21al ~ 21a3 i.e. in which the operation state of 

25 the relay elements 21al - 21a3 is "reset", the CPU 30a terminates 
the processing. 
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On the other hand, if, as a result of the checking of step 
S40, a relay operation signal is transmitted from at least one 
relay element of the relay elements 21al - 21a3 (for example, 
the relay element 21al and 21a2) and the CPU 30a thereby 
5 recognizes that the operation state of the relay elements 21al 
- 21a3 is "operated", it waits for a maximum time of T2 (step 
S41) until the CB 11a corresponding to the relay elements 21al 
and 21a2 has been tripped. 

This T2 is a waiting time corresponding to the time after 
10 operation of the relay elements 21al and 21a2 until CB 11a has 
been completely tripped. 

After the waiting time T2, the CPU 30a determines whether 
or not the CB 11a has been tripped (step S42) based on the 
open/closed state of the CB 11a that has been transmitted. 
15 If the result of the checking of this step S4 2 is YES , i . e . , 

if the CB 11a has been tripped (closed — ► open) , processing shifts 
to step S23 of Fig. 3, and the processing of step S23 and 
subsequent steps is performed. 

In contrast, if the result of the checking of step S42 
20 is NO, i.e., CB 11a is not tripped (CB 11a — * stays closed), the 
CPU 30a compiles a state change message expressing CB erroneous 
non-operation (only relay operated) , and transfers this state 
change message that has been compiled to the correlation result 
transmission circuit 31 (step S43), after which processing is 
25 terminated. 

Also, the CPU 31a of the correlation result transmission 
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circuit 31A, by performing the processing of steps S30 - S32 of 
Fig* 4 on the state change message expressing the above CB 
erroneous non-operation (relay-only operation) , instead of the 
associated state change message, sends the state change message 
data to the power system monitoring and control host 4 through 
the transmission system 3. 

Next, the overall operation in the power system monitoring 
control system 1A of this embodiment, in particular when a system 
fault of the power system 11 occurs, will be described. 

When a system fault occurs in the power system 11, the 
state variables that are input to the protective relay circuit 
21 from the power system 11 change in accordance with this system 
fault, causing prescribed relay elements 21al and 21a2 of the 
protective relay circuit 21 to be operated in response to this 
change . 

As a result, relay operation signals are respectively 
transmitted to the CB control circuit 22, the re-closure circuit 
23 and the correlation circuit 30A. 

The CB control circuit 22 outputs a tripping instruction 
to the CB 11a corresponding to operated the relay elements 21al 
and 21a2 in response to the relay operation signal that has been 
transmitted . 

Thereupon, when the correlation circuit 30A receives the 
relay operation signals sent from the relay elements 21al and 
21a2 of the protective relay circuit 21 that have been transmitted 
and thereby recognizes that the relay elements 21al and 21a2 are 
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operated, it suspends processing for a time T2 after the receipt 
of this relay operation signal (see Fig. 7, steps S40 and S41) . 

Then, after suspending processing for the time T2, it 
performs a check to ascertain whether or not the CB 11a has been 
5 tripped, by referring to the open/closed state of the CB 11a that 
has been transmitted (see step S42) . 

If it then finds that the CB 11a has been tripped, it shifts 
to the processing of step S23 of Fig. 3, and executes the 
processing of step S23 and subsequent steps (such as compilation 

in* 

10 of state change message data representing fault tripping of the 
S CB) . 

fji On the other hand, if the CB 11a has not been tripped, 

y the processing of the correlation circuit 30A causes a state 

fi change message to be compiled expressing CB erroneous non- 

iU 15 operation (operation of the relay only) , which is then 
^ transferred to correlation result transmission circuit 31A (see 

^ step S43) . 

Subsequently, by the processing of the CPU 31a of the 
correlation result transmission circuit 31A in the same way as 
20 in the first embodiment, based on the state change message Mk 
expressing "the CB 11a not operated, independent operation of 
the relay elements 21al and 21a2" that has been thus transferred, 
by conversion processing in accordance with the transmission 
format shown in Fig. 5, state change message data MDk expressing 
25 "erroneous non-operation of CB 11a, independent operation of the 
relay elements 21al and 21a2" is compiled. 
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This state change message data MDk that has thus been 
compiled is then sent through the transmission system 3 to the 
power system monitoring and control host 4. 

By processing the correlation result reception unit 35, 
the state change message file storage unit 36 and the CB operation 
display unit 37 in the same way as in the first embodiment, the 
contents of the state change message are displayed on a display 
screen. 

Specifically, with this construction, if, even though the 
relay elements 21al and 21a2 that would actuate the CB 11a have 
been operated, this CB 11a has not been tripped within a fixed 
time (T2) due to for example some defect or fault, this can be 
displayed as correlation result M CB erroneous non-operation, 
independent operation of relays" . 

Consequently, since the operator can see on the display 
screen information representing the fact that the relays have 
been operated independently without actuating the CB, in 
addition to the benefits of the first embodiment, he is able to 
rapidly undertake operation processing to deal with the 
situation described above of "CB erroneous non-operation, 
independent operation of relays". 

A power system protection and control system according 
to a third embodiment of the invention is described with reference 
to Fig. 8. 

In a power system monitoring and control system IB of this 
embodiment, the processing of a CPU 30a of a correlation circuit 
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30 of the protection and control terminals 2-1 ~ 2-n in Fig. 2 
and the processing of a CPU 31a of a correlation result 
transmission circuit 31 are different from those of the power 
system monitoring control system 1 described in the first 
embodiment, but the layout and operation are otherwise identical 
with those of power system monitoring and control system 1 shown 
in Fig. 2. 

Therefore, in this embodiment, the processing of the CPU 
30a of the correlation circuit 30B and the processing of the CPU 
31a of the correlation result transmission circuit 31B only will 
be described, the rest of the description being omitted. 

The CPU 30a of the correlation circuit 30B of this 
embodiment, in addition to the operation processing in 
accordance with the algorithm shown in previous Fig. 3, performs 
operation processing in accordance with the algorithm (flow 
chart) shown in Fig. 8, using the open/closed state of the CBs 
11a, lib, the operation state of the relay elements 21al - 21a3 
of the protective relay circuit 21 and the operation state of 
the re-closure circuit 23 which have been transmitted thereto. 

The processing of the CPU 30a of the correlation circuit 
30B in accordance with the algorithm shown in Fig. 8 is described 
below. 

Specifically, the CPU 30a of the correlation circuit 30B 
determines (Fig. 8 step S50), whether or not a re-closure 
execution signal is being sent from the re-closure circuit 23, 
and whether the operation state of the re-closure circuit 23 is 
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"executing re-closure" or "reset". 

As a result of this determination of step S50, it finds 
that no re-closure execution signal is being transmitted from 
the re-closure circuit 23 , i.e.,. the operation state of the 
5 re-closure circuit 23 is "reset", the CPU 30a terminates 
processing . 

On the other hand, if the result of the checking performed 
in step S50 is that a re-closure execution signal is being 
transmitted from the re-closure circuit 23, whereby it is 

10 recognized that the operation state of the re-closure circuit 
23 is "executing re-closure", the CPU 30a waits for a maximum 
time of T3 to allow closure of CB 11a that is the subject of 
re-closure execution (step S51). This T3 is a waiting time 
corresponding to the time from operation of the re-closure 

15 circuit 23 until the CB 11a is fully closed. 

After waiting for time T3, the CPU 30a checks, using the 
open/closed state of the CB 11a that has been transmitted to 
ascertain whether the CB 11a has been closed or not (step S52) . 

If the result of this checking in step S52 is YES, i.e., 

20 that the CB 11a is closed (open — ► closed) , it shifts to the 
processing of step S26 of Fig. 3 and executes the processing of 
step S26 and subsequent steps. 

On the other hand, if the result of the checking of step 
S52 is NO, i.e., if the CB 11a is not closed (CB 11a — > stays 

25 open) , the CPU 30a compiles a state change message expressing 
CB non-operation (failure of re-closure) . 
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The CPU 30a transfers this compiled state change message 
to the correlation result transmission circuit 31B (step S53) , 
and terminates processing. 

The CPU 31a of the correlation result transmission circuit 
5 31b sends the power system monitoring and control host 4 through 
the transmission system 3 a state change message by performing 
the processing of step S30 ~ step S32 of Fig. 4 on the state change 
message expressing CB non-operation (failure of re-closure) 
referred to above, instead of the associated state change 
10 message. 

y** Next, the overall operation of the power system monitoring 

5 

e : t 
s 

*!3 control system IB of this embodiment, in particular on CB 

CH non-operation during execution of re-closure control will be 

W described. 

O 15 The operation processing of the protective relay circuit 

: :t - 

H 21, the CB control circuit 22 and the CB state receiving circuit 

ilj = 

24, as far as the sending of a re-closure execution signal to 
the CB control circuit 22 and the correlation circuit 30B in 
response to the CB 11a state change (closed — * open) in 

20 accordance with the relay operation signals and system fault 
occurrence by the re-closure circuit 23, is the same as in the 
case of the first embodiment, so a description thereof is omitted. 

The CB control circuit 22 outputs a closure instruction 
to the CB 11a in response to the re-closure execution signal that 

25 is sent from the re-closure circuit 23. 

In the above, the control circuit 30B, when it receives 
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the re-closure execution signal, suspends processing for a time 
T3 from receipt of this re-closure execution signal (see Fig, 
8 step S50 and 51) . 

After the processing has been suspended for a time T3, 
5 a check is made (see step S52), based on the open/closed state 
of the CB 11a that has been transmitted, to find whether the CB 
11a is closed or not. If it is then found that the CB 11a is 
closed, processing shifts to step S26 of Fig. 3, and the 
processing of step S26 and subsequent steps (processing such as 
10 state change message data compilation of CB closure due to 

~! ?. 

5 ;;f re-closure action) are executed. 

In contrast, if the CB 11a is not closed, by the processing 
of the correlation circuit 30B, a state change message expressing 
CB non-operation (failure of re-closure) is compiled and 
15 transferred to the correlation result transmission circuit 31B 
(see step S53) . 

Thereafter, by the processing of the CPU 31a of the 
correlation result transmission circuit 31B identical to that 
of the first embodiment, the transferred state change message 
20 Ms expressing "erroneous non-operation of the CB 11a, failure 
of re-closure" is used to compile state change message data MDs 
expressing "erroneous non-operation of the CB 11a, failure of 
re-closure", which is then transmitted to the power system 
monitoring and control host 4 through the transmission system 
25 3. 

A display screen expressing the content of the state 
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change message is then displayed on a display by processing of 
the correlation result transmission unit 35, the state change 
message file storage unit 36 and the CB operation display unit 
37 identical to that in the first embodiment. 
5 That is, with this construction, even if a closure 

instruction is output to the CB 11a through the CB control circuit 
22 in response to a re-closure execution signal output from the 
re-closure circuit 23, if this CB 11a does not close within a 
fixed time (T3) due to for example a defect or fault , "CB erroneous 

10 non-operation/failure of re-closure" can be displayed as the 
correlation result . 

Consequently, since the operator can v, i.e.,w on the 
display screen information expressing the fact that the re- 
closure control has failed, the CB not having been operated, in 

15 addition to the benefits of the first embodiment, operation 
processing corresponding to "CB erroneous non-operation/failure 
of re-closure" can be rapidly performed. 

A power system protection and control system according 
to a fourth embodiment of this invention is described below with 

20 reference to Fig. 9. 

In the case of the power system monitoring and control 
system 1C of this embodiment, while the processing of a CPU 30a 
of a correlation circuit 30 of protection and control terminals 
2-1 - 2-n in Fig. 2 and the processing of a CPU 31a of a correlation 

25 result transmission circuit 31 are different from that of the 
power system monitoring control system 1 described in the first 
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embodiment . 

The construction and operation of power system monitoring 
control system 1 shown in Fig. 2 is otherwise equivalent thereto, 
in this embodiment, only the processing of the CPU 30a of the 
5 correlation circuit 30C and the processing of the CPU 31a of the 
correlation result transmission circuit 31C will be described, 
the rest of the description being omitted. 

The CPU 30a of the correlation circuit 30C of this 
embodiment performs operation processing in accordance with the 

10 algorithm (flow chart) illustrated in Fig. 9, using the 
open/closed state of the CBs 11a, lib, the operation state of 
the relay elements 21al - 21a3 of the protective relay circuit 
21 and the operation state of the re-closure circuit 23, which 
are transmitted thereto. 

15 In the algorithm (flow chart) shown in Fig. 9, processing 

steps which are identical with the processing steps in previous 
Fig. 3 are given the same reference symbols and description 
thereof is abbreviated or omitted. 

Specifically, the CPU 30a of the correlation circuit 30C 

20 checks whether a state change has occurred in the CB 11a and the 
mode of this state change if a state change has occurred 
{ (tripping (closed — ► open) /closure (open — » closed) } (Fig. 9, 
step S21) . 

If, as a result of the checking of this step S21, a CB 
25 state change (tripping: closed — > open) is found, by executing 
processing of one or other of steps S22, 23 or steps S22, 24, 
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an associated state change message Mt of CB fault tripping or 
an associated state change message Mu expressing CB tripping due 
to manually operated state change is compiled, and processing 
then shifts to the processing of step S28, to be described. 
5 On the other hand, if the result of the checking of step 

S21 is that there is a CB state change (closure: open — > closed) , 
the CPU 30a determines whether or not the re-closure circuit 23 
is executing re-closure (step S25) . 

If, as a result of the checking performed in step S25, 

10 it is found that the re-closure circuit 23 is not executing 
re-closure (it is reset) , the CPU 30a compiles an associated state 
change message Mv expressing CB closure produced by manual state 
change (step S27), and shifts to the processing of step S28, to 
be described later. 

15 Then, if, as a result of the checking performed in step 

S25, it is found that the re-closure circuit 23 is executing 
re-closure, the CPU 30a waits for a maximum of time T4 (step S60) . 

The CPU 30a judges whether or not the CB 11a has again 
performed tripping on a fault once more being detected on 

20 operation of relay elements 21al and 21a2 of the protective relay 
circuit 21 during this waiting time T4, and whether or not the 
open/closed state of the CB 11a transmitted from the CB state 
receiving circuit 24 has changed: "closure state (closed) — > 
tripped state (open)" (step S61). 

25 This T4 is a waiting time corresponding to the time from 

operation of relay elements 21al and 21a2 until the CB 11a has 
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been completely tripped. 

If the result of the checking of step S61 is NO, i.e., 
if it is found that re-tripping of the CB {CB state change (closed 
— * open) } has not occurred, the CB 30a compiles a state change 
5 message Mw expressing re-closure success. 

The CB 30a transfers this state change message Mw that 
has thus been compiled to correlation result transmission 
circuit 31C (step S62) , and shifts to the processing of step S28. 

On the other hand, if the result of the checking performed 
10 in step S61 is YES, i.e., re-tripping of the CB {CB state change 
(closed — > open) } has occurred, the CPU 30a compiles a state 
change message Mx expressing "failure of re-closure/CB tripping 
state change" . 

The CPU 30a transfers this state change message Mx that 



H 15 has thus been compiled to correlation result transmission 

Cll 

U:| circuit 31C (step S63) , and shifts to the processing of step S28. 



After this, CPU 30a appends the CB operation time-point 
to the associated state change message that has been compiled 
by processing of one or another of step S23, step S24, step S27, 

20 step S62 and step S63, and transfers this to the correlation 
result transmission circuit 31C (step S28) , thereupon 
terminating processing. 

Next, the overall operation of power system monitoring 
control system 1C of this embodiment in particular on re-closure 

25 failure (re-tripping of the CB) due to a continuing system fault 
will be described. 
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The Re-closure circuit 23 sends a re-closure execution 
signal to the CB control circuit 22 and the correlation circuit 
30C in response to state change of the CB 11a (closed — » open) 
produced by the relay operation signals and occurrence of a system 
5 fault. 

The operation processing of the protective relay circuit 
21, the CB control circuit 22 and the CB state receiving circuit 
24 up to the point where the closure instruction is output to 
the CB 11a from the CB control circuit 22 in response to this 

10 re-closure execution signal is identical with that of the first 
embodiment, so the description thereof is omitted. 

When the CB 11a is closed (open —* closed) by a closure 
instruction output to the CB 11a, the operation state of CBs 11a, 
lib, including the operation state change (open — > closed) 

15 produced by re-closure of this CB 11a is transmitted by the CB 
state receiving circuit 24 to the correlation circuit 30C and 
the re-closure circuit 23. 

When the correlation circuit 30C receives the re-closure 
execution signal sent from the re-closure circuit 23 and 

20 respectively receives the operation state change (open — * 
closed) of the CB 11a sent from the CB state receiving circuit 
24, it checks that the CB 11a was closed during the re-closure 
execution, and suspends processing for a maximum time T4 (see 
Fig, 9 step S25 and step S60) . 

25 If at this point a fault is again detected by operation 

of relay elements 21al and 21a2 of protective relay circuit 21 
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caused for example by the fact that there is a continuing system 
fault, a relay operation signal based on the operation of relay 
elements 21al and 21a2 is transmitted to the CB control circuit 
22, causing a tripping instruction to be output to the CB 11a 
5 from the CB control circuit 22. 

On re-tripping, in response to this tripping instruction, 
of the CB 11a that had previously been closed, the CB state change 
"closure state (closed) — * tripping state (open) " is transmitted 
to the correlation circuit 30C through the CB state receiving 

10 circuit 24. 

The correlation circuit 30C checks that CB re-tripping 
has occurred on receiving CB state change " (closed) — » (open) " 
within the aforesaid time T4 (see step S62) , and compiles a state 
change message Mx expressing "failure of re-closure/CB tripping 

15 state change" (see step S63) . 

It appends the CB re-tripping time-point to this compiled 
state change message Mx and transmits it to the correlation result 
transmission circuit 31C (see step S28). 

Subsequently, by processing of the correlation result 

20 transmission circuit 31C identical with that of the first 
embodiment, state change message data MDx expressing "failure 
of re-closure/CB tripping state change" is compiled from state 
change message Mx expressing "failure of re-closure/CB tripping 
state change" that was transferred thereto, and is transmitted 

25 to the power system monitoring and control host 4 through the 
transmission system 3. 
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Then, by processing of the correlation result reception 
unit 35, the state change message file storage unit 36 and the 
CB operation display unit 37 identical with that of the first 
embodiment, a display screen displaying the contents of state 
5 change message Mx is displayed on a display. 

As a result, even if, for some reason such as a continuing 
system fault within fixed time T4 after the output of the 
re-closure instruction to the CB 11a, re-closure processing has 
failed, "re-closure failure/CB tripping state change" can be 
10 displayed as the correlation result. 

Consequently, since the operator can see on the display 
screen information expressing the fact that the CB was re-tripped 
during execution of re-closure, in addition to the benefits of 
the first embodiment, the operator can rapidly implement 
15 operation processing corresponding to "failure of re-closure/CB 
tripping state change". 

In contrast, if the system fault is eliminated during 
suspension of processing by the correlation circuit 30C (time 
T4), relay elements 21al - 21a3 of the protective relay circuit 
20 21 are not operated, and the CB 11a is therefore not re-tripped 
even though the correlation circuit 30C waits for time T4 . 

The correlation circuit 30C therefore compiles (see step 
S62) a state change message Mw indicating "re-closure success/CB 
closure". The state change message which is thus compiled is 
25 transmitted (see step S28) to the correlation result 
transmission circuit 31C with the CB closure time-point appended 
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thereto . 

Thereafter the processing of the correlation result 
transmission circuit 31C is identical with that of the first 
embodiment/ state change message data MDw is compiled expressing 
5 "success of re-closure/CB closed", based on the state change 
message expressing "success of re-closure/CB closed" that has 
thus been transferred, and this is transmitted to the power system 
monitoring and control host 4 through transmission system 3. 

Then, the processing of the correlation result reception 
10 unit 35, the state change message file storage unit 36 and the 
CB operation display unit 37 are identical with that of the first 
embodiment, a display screen indicating the content of the state 
change message is displayed on a display. 

As a result, if closure is effected and re-tripping does 
15 not take place within a fixed time T4 after the output of the 
re-closure instruction to the CB 11a, i.e., if re-closure 
processing is successful, the correlation result "re-closure 
successful/CB closed" can be displayed. 

The operator is therefore able to ascertain accurately 
20 and rapidly by way of the display screen information expressing 
the fact that the CB has been closed during execution of re- 
closure . 

Although in the embodiments described above, the circuit 
blocks constituting protection and control terminals 2-1 - 2-n 
25 (protective relay circuits, CB control circuit, re-closure 
circuit, CB state receiving circuit, correlation circuit, and 
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correlation result transmission circuit) and circuit blocks 
constituting the power system monitoring and control host 4 
(correlation result reception unit, associated state change 
message file storage unit, CB operation display unit) are 
5 respectively implemented by computers provided with a CPU and 
memory etc., the invention is not restricted to this. 

These could be implemented by using hard wired logic 
circuits . 

Also, the circuit blocks constituting protection and 
10 control terminals 2-1 - 2-n and the circuit block constituting 
the power system monitoring and control host 4 could be 
respectively implemented by a large computer comprising a single 
CPU and memory etc. 

Fig. 10 shows the hardware layout and processing software 
15 layout of a protection and control terminal 2-1A and power system 
monitoring and control host 4A respectively implemented by a 
single computer. 

As shown in Fig. 10, a protection and control terminal 
2-1A comprises a CPU 50a and a memory 50b for storing programs 
20 and data etc., to be described, necessary for the processing of 
this CPU 50a. 

A power system monitoring and control host 4A comprises 
a CPU 60a and a display 60c for displaying the result of the 
processing of CPU 60a and a memory 60b for storing programs and 
25 data etc. necessary for the processing, to be described, of this 
CPU 60a. 
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As shown in Fig. 10, a CPU 50a of protection and control 
terminal 2-1A has many steps. 

A protective relay processing S70 detects a system fault 
of a power system 11 by operation of a plurality of relay elements 
5 (relay unit software: main protective ground fault, main 
protective short circuit relay and backup short circuit relay) 
in accordance with state variables MIA input from power system 
11. 

The CB control process S71 outputs tripping/closure 
10 instructions Cla, Clb to a CB 11a, CB lib in response to this 
protective relay processing S70. 

The re-closure processing S72 performs the re-closure 
processing of the CB 11a by executing CB control processing S71 
as required in accordance of protective relay processing S70. 
15 A CB state receiving processing S73 obtains the 

open/closed state of the CB 11a is periodically. 

Also, the CPU 50a of the protection and control terminal 
20-1A has many steps. 

A correlation processing S74 in which correlation of CBs 
20 11a, lib and relay elements 21al ~ 21a3 is performed by executing 
algorithms shown in previous Fig. 3, Fig. 7, Fig. 8 and Fig. 9, 
using data displaying the processing state of each relay unit 
software of protective relay process S70, data displaying the 
processing state of re-closure process S72, and data displaying 
25 the open/closed state of the CBs 11a, lib obtained by CB state 
receiving process S73. 
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A correlation result transmission process S75 converts 
the associated state change message (state change message) 
compiled as a result of the correlation processing in correlation 
processing S74 by executing the algorithm shown in previous Fig, 
5 4 is converted to state change message data in accordance with 
a prescribed transmission format. 

Then the state change message data which has thus been 
converted is transmitted to a transmission monitoring device 4A 
through the transmission system 3. 
O 10 As shown in Fig. 10, a CPU 60a of a power system monitoring 

ill and control host 40A has many steps. 

f!J A correlation result reception processing S80 receives 

Cm 

£y the state change message data constituting the result of 

* correlation transmitted through the transmission system 3 from 

s j;» 15 protection and control terminals 2-1 ~ 2-n. 

fjl The correlation result reception S80 extracts the 

:ta. 

correlation result (state change message) contained in the state 
change message data in accordance with the transmission format 
F. 

20 An associated state change message file storage 

processing S81 preserves the correlation result (state change 
message) obtained by this correlation result reception 
processing S80 in a memory 60b as a file format. 

A CB operator display processing S82 reads and displays 

25 the state change message file stored in the memory 60b by a screen 
of a display 60c. 
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In this way, operation practically equivalent to the 
operation of protection and control terminals 2-1 - 2-n and the 
power system monitoring and control host 4 shown in previous Fig. 
2 can be executed and practically equivalent results obtained, 
even through protection and control terminals 2-1A «> 2-nA and 
the power system monitoring and control host 4A are respectively 
implemented by a single computer. 

Also, although, in the embodiments described above, the 
associated state change message was constituted including the 
various data items shown in Fig. 6, the invention is not 
restricted to this structure. 

That is to say, the fault-related information, CB last 
tripping information, or high speed/intermediate speed re- 
closure classification information etc. could also be included. 

Furthermore, when CB operation or relay operation that 
is unnecessary for employment of the power system is provoked 
for purposes of periodic inspection or maintenance etc. of the 
power system equipment or protection and control terminals, it 
is possible to effect setting such that the state change message 
of the CB in question is not displayed on the display of the power 
system monitoring and control host. 

Specifically, the correlation result transmission unit 
of the power system monitoring and control host is provided with 
a data file in which, at such a CB (CB whose display is to be 
hidden) there is set for example a state "executing inspection". 

If then the correlation result transmission unit receives 
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the state change message data of a CB, the arrangement is such 
that it refers to this data file and correlates the CB of the 
state change message data in question with the CB whose display 
is to be hidden, for which the state "executing inspection" is 
5 set in the data file and, if the CB of the state change message 
data is found to be set as the CB whose display is to be hidden, 
deletes (discards) the CB state change message data which it has 
thus received. 

With such a construction, it is possible to effect setting 
10 such that only the state change messages of CBs that are not 
required for operation of the power system are set to "not 
displayed" . 

Therefore, the monitoring operation of the power system 
can be performed £f f i r, i.e.; ntLy .. 
"P 15 Furthermore, although, in the embodiments described 

above, processing is executed whereby the associated state 
y!l change message is transferred to the correlation result 

transmission circuit in the form of a associated state change 
message with the time-point of CB operation appended thereto, 
20 by adding the time-point of CB operation, this CB operation 
time-point could be the ordinary time of CB operation or could 
be a highly accurate time of accuracy for example 100 ns obtained 
using a GPS system. 

Furthermore, although, in the embodiments described 
25 above, although a case was described where the power system 
monitoring control system was constituted by connecting a 
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plurality of protection and control terminals to the power system 
monitoring and control host through a transmission system 
(communication network) , the invention is not restricted to this 
structure, and a single protection and control terminal could 
5 be employed. 

It is also possible to employ the protection and control 
terminals independently, isolated from the communication 
network. If the protection and control terminals are employed 
independently in this way, the state change messages captured 

10 at each protection and control terminal can either for example 
be displayed by for example a display at each protection and 
control terminal, or can be stored in memory. 

Although, in the embodiments described above, the 
open/closed state of CB 11a was obtained periodically by digital 

15 processing performed by CB state receiving circuit 24 (or CB state 
receiving processing of protection and control terminal 2-1A) , 
the invention is not restricted to this and may include analogue 
processing . 

That is to say, processing in which the open/closed state 
20 is continuously obtained could be employed. 

Since, as described above, with a power system protected 
control device, power system monitoring control system and 
storage medium storing a program according to the invention, the 
correlation processing of relay operation or re-closure control 
25 execution and switch state change produced by such relay 
operation or re-closure execution is performed at at least one 



protection and control terminal without going through the 
transmission system, even if there are a plurality of protection 
and control terminals, the number of switches within the 
protection and control terminals and the number of relay elements 
corresponding to these switches can be restricted to only a few. 

Consequently, correlated with the conventional case in 
which correlation processing was effected of the CB state change 
data with all of the state change data in a plurality of protection 
and control terminals, the correlation processing can be 

A 

out extremely accurately, easily and rapidly* 
Likewise, since, with a power system protection and 
control terminal, power system monitoring control system and 
storage medium storing a program according to the invention, the 
above correlation processing is performed at at least one 
15 protection and control terminal without going through the 
transmission system, the order of relay operation/re-closure 
control and switch state change produced by this relay 
operation/re-closure control is always maintained and it is 
unnecessary to take into account time discrepancy between the 
20 time-point of relay operation detection (time-point of re- 
closure control detection) and the time-point of switch state 
change detection. 

Consequently, the CB relay correlation database that is 
conventionally necessary to enable correlation processing to be 
25 performed without being effected by inversion of operation order 
or the presence of time d^us -cr cpeinc, liO^o becomes unnecessary 
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and the task of maintenance of such a CB relay correlation 
database also becomes unnecessary, resulting in very 
considerable labor saving. 

In particular, with the power system monitoring and 
5 control system of this invention, since the processing for adding 
to the correlation result of the operation time-point of the 
operated switch is performed by at least one protection and 
control terminal that detected operation of this switch, an 
extremely accurate switch operation time-point can be obtained 

10 with no transmission delay etc. 

Also, since a message consisting of a large number of items 
of information including information expressing the operation 
time-point of switches can be acquired as correlation result by 
at least one protection and control terminal, it is also possible 

15 for the at least one protection and control terminal to display 
or store for example this correlation result; in this way, the 
information utilization function of the power system protection 
and control terminal itself can be raised. 

The entire contents of JAPANESE PRIORITY APPLICATION 

20 NUMBER P10-108255, filed on April 17,1998, are hereby 
incorporated by reference. 

The present invention is by no intent limited to the 
embodiments described heretofore, but various variation 
and modification may be made without departing from the present 

25 invention. 
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